








































the	orientations	of	 SMA	 layers	 to	maximize	 the	 first	natural	 frequency	of	
structure.	The	optimization	results	show	that	using	an	optimum	stacking	se‐


































A 	 Extensional	stiffness	coefficient	  Total	martensite	volume	fractions	
B 	 Extension‐bending	coupling	coefficient	 s Stress	induced	martensite	volume	fraction	
D 	 Bending	stiffness	coefficient	 0s Initial	stress	induced	martensite	volume	frac‐tion
11E 	 Young	modulus	in	1	direction	 T Temperature	induced	martensite	volume	frac‐tion
22E 	 Young	modulus	in	2	direction	 0T Initial	temperature	induced	martensite	volume	fraction
12G 	 Shear	modulus	of	composite	 rQ Recovery	stress	obtained	through	SMA	activa‐tion
sE 	 Young	modulus	of	SMA	fiber	  Strain	of	SMA	fibers	
mE 	 Young	modulus	of	matrix	 M Moment	resultant	
0T 	 Reference	temperature	 N Force resultant	
12 	 Poisson	ratio	 ijQ Reduced	stiffness	matrix	
11 	 Thermal	expansion	coefficient	in	1	direc‐tion	 , θx Cylinder	co‐ordinates	in	 , θx 	direction	
22 	 Thermal	expansion	coefficient	in	2	direc‐tion	 x Stress	in	xdirection	
L 	 Length	of	the	cylindrical	shell	  Stress	in	θ direction	
R 	 Radius	of	the	cylindrical	shell	 x Shear	stress	in	x‐θ direction	
h 	 Total	thickness	of	the	cylindrical	shell	 xe Stain	in	x	direction	
sV 	 volume	fraction	of	the	SMA	fiber	 e Strain	in	θ direction	
0 	 Pre‐strain	of	SMA	fibers	 xe Shear	strain	in	x‐Ɵ	direction	
AE 	 Austenite	Young	modulus	 u Displacement	in	xdirection	
ME 	 Martensite	Young	modulus	 v Displacement	in	θ direction	
 	 Thermo‐elastic	parameter	of	SMA	fiber	 w Displacement	in	 z direction	
fM 	 Martensite	finish	temperature	 t Total	density	of	SMA/Graphite/Epoxy	compo‐site	shell
sM 	 Martensite	start	temperature	 xQ Shear	force	in x direction	
sA 	 Austenite	start	temperature	 Q Shear	force	in	θ direction	
fA 	 Austenite	finish	temperature	 αx Thermal	expansion	coefficient	in	x	direction	
MC 	 Stress	influence	coefficient	 αƟ Thermal	expansion	coefficient	in	θ 	direction	
AC 	 Stress	influence	coefficient	 rN Force	resultant	of	SMA	fibers	
s 	 Poisson	ratio	of	SMA	fibers	 TN Force	resultant	of	temperature	
0 	 Initial	stress	of	SMA	fibers	 rM Moment	resultant	of	SMA	fibers	
L 	 Maximum	residual	strain	of	SMA	fibers	 TM Moment	resultant	of	temperature	











mechanical	 loading‐unloading	patterns.	This	property	of	SMAs	produces	a	hysteretic	 loop	that	 is	responsible	of	
energy‐dissipation.	The	unique	properties	of	SMAs	lie	in	the	phase	transition	between	martensite	and	austenite.	
Setting	SMA	components	in	the	form	of	wires	into	composite	laminates	can	control	the	static	and	dynamic	structural	
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critical	 stress	 for	 reverse	 phase	 transformation.	 Since	 the	 martensite	 fraction	 depends	 on	 the	 stress	 and	
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Where	ex,	eƟ,	exƟ	are	the	components	of	axial,	circumferential	and	shear	strain,	respectively.	Considering		Äܶ ൌ ܶ െ
଴ܶ	as	the	temperature	rise	from	reference	temperature	T0	to	an	arbitrary	temperature	T,	the	constitutive	law	for	the	SMAHC	cylindrical	shell	subjected	to	thermal	loading	becomes	
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	 ሺ7ሻ	
in	which,	the	stress	resultants	are	defined	as	equations	ሺ8ሻ	
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      	 ሺ10ሻ	
In	equation	ሺ10ሻ	N		is	the	number	of	sampling	points,	and	cijn		is	the	xi	dependent	weight	coefficients.	In	order	to	
determine	 the	weighting	coefficients,	 the	Lagrange	 interpolation	basic	 functions	are	used	as	 test	 functions,	and	
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ாమమ ൌ 0.5, ߭ଵଶ ൌ 0.25		.	The	numerical	 results	 for	 the	 laminated	cylindrical	 shells	are	























2 /L Rh 	
200 500 800	
	 	 	
ሺ0,45ሻ2S	 Present	 1529 1580 1649	
	 Shen	ሺ2008ሻ	 1534.53 1584.72	 1655.96
	 	 	
ሺ0,90ሻ2S	 Present	 418 422 419	
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67AE GPa 	 9fM C  8( / )MC MP C  0.067L  	
26.3ME GPa 	 18.4sM C  13.8( / )AC MP C  610.26 10 (1/ )s C   
0.55( / )MP C  	 34.5sA C  0 0  0.33s  	
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composite	shells	while	 the	difference	between	the	natural	 frequencies	becomes	more	significant	 for	shells	with	
embedded	SMA	fibers	at	high	temperatures.	It	means	the	influence	of	temperature	dependency	is	considerable	in	
evaluating	free	vibration	of	SMAHC	structures.	It	can	be	also	found	that	TD	material	properties	contribute	to	higher	

























Vs=20% (TD) Vs=20% (TID) Without SMA (TD) Without SMA (TID) Vs=10% (TD) Vs=10% (TID)
	Fig.	5:	Influences	of	temperature	and	volume	fraction	of	SMA	fibers	on	the	fundamental	frequency	of	composite	shells	
lay‐up	[45 / 45 / 45 / 45 / 45 / 45 ]SMA SMA        	in	pre‐buckled	regions	for	simply	supported	boundary	conditions	


















































Fig.	6:	Variations	of	the	fundamental	frequency	of	simply	supported	[0 / 90 / 0 / 90 / 0 / 90 ]SMA SMA
     shell	in	pre‐









example,	for	[0 / 90 / 45 / 45 ]SMA SMA    composite	shells,	by	increasing	the	SMA	volume	fraction,	the	fundamental	
frequency	 parameter	 decreases.	 On	 the	 other	 hand,	 one	 can	 see	 that	 by	 using	 a	 suitable	 lay‐up	 like














































SMA	 volume	 fraction.	 As	 an	 example,	 an	 eight‐layer	 shell	 is	 considered	 with	 the	 lay‐up	 orientation
1 2 3 4( / / 0 / 90 /90 / 0 / / )SMA SMA SMA SMA       .	Here,	the	thicknesses	of	layers	are	the	same.	The	constrained	optimi‐
zation	problem	is	defined	as:	
Minimize	 1 2 3 4( / / / )SMA SMA SMA SMAf       	
Subject	to	
1 2 3 40 , , , 90
100
o o
SMA SMA SMA SMA
oT C
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